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Baker’s Asthma: Is the Ratio of Rye Flour-
Specific IgE to Total IgE More Suitable
to Predict the Outcome of Challenge Test
Than Specific IgE Alone
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Abstract

Usually the diagnosis of baker’s asthma is
based on specific inhalation challenge with
flours. To a certain extent the concentration
of specific IgE to flour predicts the outcome
of challenge test in bakers. The aim of this
study was to evaluate whether the ratio of
specific IgE (sIgE) to total IgE (tIgE) improves
challenge test prediction in comparison to sIgE
alone. Ninety-five bakers with work-related
respiratory symptoms were challenged with
rye flour. Total IgE, sIgE, and the sIgE/tIgE
ratio were determined. Receiver operator char-
acteristic (ROC) plots including the area under
the curve (AUC) were calculated using the
challenge test as gold-standard. Total IgE and
sIgE concentrations, and their ratio were sig-
nificantly higher in bakers with a positive chal-
lenge test than in those with a negative one
(p < 0.0001, p < 0.0001, and p ¼ 0.023,
respectively). In ROC analysis, AUC was
0.83 for sIgE alone, 0.79 for tIgE, and 0.64
for the ratio. At optimal cut-offs, tIgE, sIgE,
and the ratio reached a positive predicted value
(PPV) of 95%, 84% and 77%, respectively. In

conclusion, calculating the ratio of rye
flour-sIgE to tIgE failed to improve the chal-
lenge test prediction in our study group.
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1 Introduction

Baker’s asthma is one of the most frequent forms
of occupational immunoglobulin E (IgE)-
mediated allergy. In 2014, 64% of 584 confirmed
cases of occupational asthma in Germany were
caused by bakery-derived allergens, especially
wheat and rye flour (Deutsche Gesetzliche
Unfallversicherung (DGUV 2015)). In general,
but especially within the scope of compensation
claims, the specific inhalation challenge with
suspected occupational allergens is considered
the gold standard for the diagnosis of occupa-
tional asthma (Vandenplas et al. 2017; Muñoz
et al. 2014). Since the specific challenge test is
cumbersome, has a potential for severe adverse
effects, and should only be performed at
specialized centers, alternative methods to diag-
nose flour allergy are of great value.

The general association between the clinical
responsiveness to allergens and the results of
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specific IgE (sIgE) tests is well known. Especially
for food allergens (Buslau et al. 2014; Soares-
Weiser et al. 2014) but also for ubiquitous inhala-
tion allergens (Douglas et al. 2007; Fernández
et al. 2007) it was shown that the sIgE
determination can be useful to predict the result
of an oral or bronchial challenge. Concerning
inhalative occupational allergens, it has been
demonstrated for latex and flours that high levels
of sIgE have a high positive predictive value
(PPV) for occupational asthma (Vandenplas
et al. 2016; van Kampen et al. 2008).

The level of tIgE, which is the sum of all sIgE,
is mostly elevated in case of allergic sensitization.
Thus, a given sIgE level might be associated with
the total IgE level, which is a potential indicator
of atopy (Ahmad Al Obaidi et al. 2008). For this
reason, in a couple of studies the ratio of allergen-
sIgE to tIgE has been used to predict the outcome
of food challenge. While some authors have
found a benefit using the sIgE/tIgE ratio com-
pared with sIgE alone (Horimukai et al. 2015;
Gupta et al. 2014), others have reported the oppo-
site (Grabenhenrich et al. 2016; Mehl et al. 2005).

Therefore, this study seeks to define the diagnos-
tic utility of the ratio of rye flour-sIgE to tIgE in the
diagnosis of baker’s asthma. Due to the fact that tIgE
levels are mostly elevated in atopic subjects, data
were additionally stratified according to atopy status.

2 Methods

2.1 Study Design

The study was approved by the Ethic Committee
of the Ruhr University Bochum in Germany, and
all study participants gave informed written
consent. Ninety-five bakers (mean age of
40 � 13 years, range of 19–76 years, 79% of
males) with work-related symptoms of asthma
and/or rhinitis were included in the study. All
subjects answered a questionnaire and underwent
a clinical examination. In addition, tIgE and rye
flour-sIgE determinations, as well as a challenge
test with rye flour were performed. All the bakers

were examined within the scope of claims for
compensation due to occupational asthma.

2.2 IgE Determination

Total IgE and rye flour-sIgE were measured by
ImmunoCAP (Thermo Fisher Scientific; Phadia
AB, Uppsala, Sweden) according to the
manufacturer’s recommendations. sIgE
values � 0.35 kU/L were considered positive,
and for lower values a value of two-thirds of the
detection limit (0.23 kU/L) was assigned. For
data analysis, sIgE values greater than 100 kU/L
were replaced by 110 kU/L. The measuring range
of tIgE for an undiluted sample is 2–5000 kU/L.

2.3 Rye Flour Challenge Test

Bronchial challenge tests were performed with
nebulized aqueous rye flour solutions in 24 cases,
with native rye flour simulating the situation at the
workplace in 63 cases, and nasal challenges in
8 cases. A nasal challenge test was considered
positive if nasal symptoms were followed by a
decrease of nasal flow by at least 40% from base-
line. Allergen-induced airway responsiveness was
measured by body plethysmography. A positive test
result was assumed if specific airway resistance
(sRaw) doubled and increased to �2.0 kPa.s, or if
the fall in forced expired volume in one second
(FEV1) was �20%.

2.4 Skin Prick Test

A panel of common inhalation allergens, includ-
ing grass pollen, birch pollen, house dust mite
(Dermatophagoides pteronyssinus), and cat dan-
der (Allergopharma; Reinbek, Germany) were
tested (double estimation). Atopy was defined as
a mean wheal diameter � 3 mm to at least one of
these aeroallergens. Histamine (10 mg/mL) and
saline were used as positive and negative
controls, respectively.
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2.5 Statistical Analysis

Concentrations of rye flour-sIgE, tIgE, and the
sIgE/tIgE ratio in bakers with a positive or a
negative challenge test were compared with the
Mann-Whitney U test. Receiver operating charac-
teristic (ROC) plots are one possible graphical
presentation for describing and comparing diag-
nostic tests. The area under the curve (AUC) is a
global measure of the diagnostic performance of a
test and ranges from 0 to 1. ROC plots were
constructed using the outcome of challenge test
as gold-standard. AUCs were calculated to com-
pare the results for rye flour-sIgE alone, tIgE, and
the sIgE/tIgE ratio. For further evaluation, opti-
mal cut-off levels that lead to the maximum
Youden Index (sensitivity + specificity � 1)
were calculated. Using these optimal cut-offs,
sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV)
were calculated. Correlation between variables
was assesses with Spearman’s correlation coeffi-
cient (r). Comparisons were considered signifi-
cant at p < 0.05. Calculations were performed
using a commercial GraphPad Prism v7.03 statis-
tical package (GraphPad Software; La Jolla, CA).

3 Results

Sixty-three (66%) of the 95 bakers challenged
with rye flour showed a positive test result. The
rye flour-sIgE concentration in all bakers
ranged from <0.35 to >100 kU/L (median of
1.31 kU/L), tIgE from 2.3 to 4161 kU/L
(median: 98.5 kU/L), and the sIgE/tIgE ratio
was between 0.003 and 19.1% (median of
2.3%). The tIgE and sIgE concentrations and
the sIgE/tIgE ratio were significantly higher in
bakers with a positive challenge test than in
those with a negative one (Fig. 1). Overall,
sIgE correlated strongly with the tIgE concen-
tration of (r ¼ 0.688; p < 0.0001).

The AUC of the ROC plots was 0.83 for rye
flour-sIgE, 0.79 for tIgE, and 0.64 for the sIgE/tIgE
ratio (Fig. 2). Sensitivity, specificity, PPV, and NPV
at the optimal cut-off levels (sIgE >2.4 kU/L, tIgE

>51.8 kU/L, and sIgE/tIgE >1.8%) are shown in
Table 1. The maximum Youden Index was similar
for sIgE and tIgE (0.556 and 0.561, respectively),
while it was only half as high for sIgE/tIgE (0.276).
Whereas tIgE >51.8 kU/L was a sensitive predictor
of the challenge result (sensitivity 87%, NPV 75%),
rye flour-sIgE was an excellent and specific predic-
tor of a positive challenge result (rye flour-sIgE
>2.4 kU/L: specificity 94%, PPV 95%).

According to skin prick testing with
ubiquitous allergens, 44 bakers showed a positive
reaction to at least one of the allergens and were
defined as atopics. The remaining 51 bakers were
defined to be non-atopic. While the
concentrations of rye flour-sIgE and tIgE were
significantly higher in atopic bakers, no signifi-
cant difference were obtained for the sIgE/tIgE
ratio (Table 2). ROC analysis stratified according
to atopy is shown in Fig. 3. While in the group of
non-atopic bakers, the AUC for rye flour-sIgE
and tIgE were approximately 50% higher than
that for their ratio, in the group of atopic bakers
all three AUC were in a similar range.

4 Discussion

According to Kleine-Tebbe (2012), IgE results of
symptomatic subjects should generally be
checked for sIgE to tIgE ratio. In the present
study we evaluated the ratio of ray flour-sIgE to
tIgE in a group of 95 bakers with work-related
allergic symptoms to determine whether the ratio
could be superior to sIgE alone in the diagnosis of
baker’s asthma. As shown by the AUC values of
ROC curves, the sIgE/tIgE ratio failed to improve
the prediction of the outcome of a challenge test
with rye flour. This finding was also true for the
stratified analysis of both atopic and non-atopic
bakers.

Gupta et al. (2014) have reported that the sIgE/
tIgE ratio is significantly more accurate than sIgE
alone in predicting the oral challenge outcome in
children with suspected food allergy (AUC 0.69
vs. 0.55; p ¼ 0.03). In contrast, in another study
this ratio has not been as efficacious as sIgE alone
for the diagnosis of symptomatic food allergy in
children and therefore judged of no real benefit
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(Mehl et al. 2005). In the latter study, differences
in the AUCs of ROC curves depended on the
allergen. The respective AUCs were 0.79 (ratio)
vs. 0.76 (sIgE alone) for cow’s milk, 0.86 vs. 0.88
for hen’s egg, 0.66 vs. 0.66 for wheat, and 0.58 vs.
0.64 for soy. For the allergens above outlined, the
maximal sIgE/tIgE ratio amounted to 91.2%
(median: 0.3%) for cow’s milk, 69.4% (median:
1.7%) for hen’s egg, 70.7% (median: 0%) for
wheat, and 15.0% (median: 0%) for soy. From
this ranking, one could suppose that the utility of
the ratio in predicting the outcome of a challenge
test increases with the height of the ratio. This
could be an explanation for the low diagnostic

performance of the rye flour-sIgE/tIgE ratio in the
present study (AUC 0.64 (ratio) vs. 0.83 (sIgE
alone)) because the maximum ratio was only
19.1% (median: 2.3%).

However, the afore-mentioned studies were
performed in children suffering from food
allergy, while this study concerns adult bakers
with respiratory work-related symptoms
subjected to inhalation exposure to rye flour. In
this connection, it is noteworthy that the level of
tIgE is age-dependent. In a study including
603 children, aged between 1 and 9 years, with
suspected food allergy a significant positive cor-
relation between the total serum IgE level and

Fig. 1 Comparison of concentrations of rye flour-sIgE
(a), total IgE (tIgE) (b), and the ratio of sIgE/tIgE (c)
between bakers with a positive challenge test (n¼ 63) and

those with a negative challenge test (n ¼ 32) to rye flour.
Horizontal lines in each panel represent medians
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patients’ age has been observed (Horimukai et al.
2015). On the other hand, a large longitudinal
study spanning more than a decade in 6371
young and middle-aged adults (20–44 years) has
shown that tIgE decreases in elderly subjects
while there was no significant change in the prev-
alence of sensitization to at least one
environmental allergen over the study period
(Jarvis et al. 2005).

One study enrolling 171 adult β-lactam aller-
gic patients and 122 controls shows that the
sIgE/tIgE ratio could improve the diagnosis of
β-lactam allergy (Vultaggio et al. 2015). Due to
the fact that the authors compared the diagnostic
performance of sIgE to at least one β-lactam hap-
ten with the ratio that was calculated by making
the sum of sIgE to all four measured β-lactam
haptens divided by tIgE, a comparison of the
usefulness of sIgE alone and the ratio, like we
did it in the present study, was not possible. In
addition, a skin prick test with β-lactams rather
than a challenge test was used as gold-standard in
that previous study. Nonetheless, the authors
hypothesize that a high sIgE/tIgE ratio increases
the probability to have two neighboring sIgE
molecules on the basophil/mast cell surface mem-
brane, which could lead to an easier cross-linking
of the high-affinity IgE receptor with cell activa-
tion that follows.

An additional finding of the present study
was that the level of tIgE resulted in a much
better prediction of the outcome of a challenge
test with rye flour than the ratio of rye flour-
sIgE/tIgE (AUC: 0.79 vs. 0.64), although it
could be expected due to a high correlation
between rye flour-sIgE and tIgE. To the best
of our knowledge, so far no study has evaluated
the predictive value of tIgE for the outcome of
an inhalation allergen challenge, but it is
known that high levels of tIgE strongly
increase the probability of sensitization,

Fig. 2 Receiver operating curves (ROC) for rye flour-
sIgE, total IgE (tIgE), and the ratio of sIgE/tIgE of
95 symptomatic bakers with the challenge test as gold-
standard. The area under curve (AUC) is a global measure
for the test’s accuracy that ranges between 0 and 1

Table 1 Sensitivity, specificity, positive (PPV) and negative predictive value (NPV) of rye flour-specific IgE (sIgE),
total IgE (tIgE), and the sIgE/tIgE ratio, based on the gold-standard challenge test

Cut-off Maximum Youden Index Sensitivity (%) Specificity (%) PPV (%) NPV (%)

sIgE (kU/L) > 2.4 0.556 61.9 93.8 95.1 57.0
tIgE (kU/L) > 51.8 0.561 87.3 68.8 84.4 74.5
sIgE/tIgE (%) > 1.8 0.276 65.1 62.5 77.1 49.1

Evaluation was performed using the cut-offs which were obtained by the maximum Youden Index

Table 2 Comparison of concentrations of rye flour-specific IgE (sIgE), total IgE (tIgE), and the sIgE/tIgE ratio between
atopic and non-atopic bakers

Atopics (n ¼ 44) median (range) Non-atopics (n ¼ 51) median (range) p-value

sIgE (kU/L) 2.75 (0.23–110) 0.72 (0.23–57.1) 0.007
tIgE (kU/L) 134 (5.91–4161) 72 (2.28–1536) 0.036
sIgE/tIgE (%) 2.25 (0.03–18.60) 2.04 (0.07–19.10) 0.401
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especially in young individuals (Kerkhof et al.
2003) and also are predictive of asthma
(Ahmad Al Obaidi et al. 2008). However,
tIgE should not be used as definite evidence
for an allergic disease since its level is
influenced by numerous factors, especially
age (Chang et al. 2015).

In conclusion, rye flour-sIgE is superior to the
ratio of rye flour-sIgE to tIgE, independent from
atopy status, as a diagnostic test to distinguish
between bakers with and without occupational
asthma to rye flour. Overall, the accuracy of the
ratio, as a diagnostic test, was not satisfactory in
the present study. Whereas tIgE resulted in a high
negative predicted value and was more suitable to
rule out a positive result of a challenge test, it could
be confirmed that a high concentration of rye flour-
sIgE in the sera of bakers suffering from work-
related symptoms is a good predictor of a positive
challenge result. Thus, specific challenges with
flours may be omitted in strongly sensitized bakers
(van Kampen et al. 2008).
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